Highly uniform amide-based molecularly imprinted polymer (MIP) particles containing CO2-philic cavities decorated with amide groups were produced using membrane emulsification and subsequent suspension polymerisation. The organic phase containing acrylamide (functional monomer), oxalic acid (dummy template), ethylene glycol dimethacrylate (crosslinker) and azobisisobutyronitrile (initiator) dissolved in a 50/50 mixture (by volume) of acetonitrile and toluene (porogenic solvents) was injected through a microengineered nickel membrane with a pore diameter of 20 μm and a pore spacing of 200 μm into agitated 0.5 wt% aqueous solution of poly(vinyl alcohol) to form droplets that have been polymerised at 60 °C for 3 h. The volume median diameter of the droplets was controlled between 35 and 158 μm by shear stress at the membrane surface. The droplets maintained their physical stability during storage for 4 weeks and their size was independent of the dispersed phase content. The particle size after polymerisation was consistent with the initial droplet size. The
INTRODUCTION
The increased level of CO2 in the atmosphere due to excessive combustion of fossil fuels is 3 one of the main causes of global warming and climate change [1, 2] . Capture of CO2 from 4 large point sources and sequestration in geological formations is considered as the most 5 viable short-term solution for reducing the level of CO2 in the atmosphere [3] . Currently, 6 post-combustion carbon capture by amine scrubbing is the most established technology for 7 the removal of CO2 from flue gases [4] . However, amine solutions are corrosive and degrade 8 into toxic products after repetitive regeneration cycles at elevated temperatures [5, 6] . In 9 addition, amine scrubbing systems exhibit a low specific interfacial area and require high 10 regeneration energy, which can reduce energy output of the plant by 25-40% [7, 8] . 11 Solid adsorbents can be attractive alternatives, because they are nontoxic, nonvolatile and 12 noncorrosive, require lower regeneration energy, and display a higher surface area-to-volume 13 ratio [7, 9] . Zeolites can have a high CO2 capture capacity and high CO2-over-N2 selectivity 14 under atmospheric conditions [10, 11] . However, the presence of moisture in flue gases 15 greatly reduces their capture capacity and requires higher regeneration temperatures, resulting 16 in higher energy penalties [12] . S. A. Nabavi, G. T. Vladisavljević, A. Wicaksono, S. Georgiadou, V. Manović, Production of molecularly imprinted polymer particles with amide-decorated cavities for CO2 capture using membrane emulsification/suspension polymerization, Colloids and Surfaces A Physicochemical and Engineering Aspects, DOI: 10.1016/j.colsurfa.2016.05. 033 4 Metal organic frameworks (MOFs) show high CO2 capture capacity at elevated pressures 18 [13] , but under typical conditions of post-combustion carbon capture, their capture capacity is 19 reduced, especially in the presence of moisture, NOx and SOx [10, 14] . Carbonaceous 20 materials are cheap and stable in the presence of moisture and impurities [15] . However, they 21 display a low selectivity for CO2 over N2 due to the physisorption mechanism of CO2 capture 22 [2] . One of the main drawbacks of highly porous materials such as activated carbon and 23 MOFs is their low density, which can limit their application in fluidised bed systems [15, 16] . 24 Physical impregnation or covalent tethering of amines inside mesopores is an effective way 25 of increasing both CO2 capture capacity and selectivity of porous CO2 adsorbents [17, 18] . 26 CO2 has a higher affinity towards polar amine or amide groups than other flue gases, due to 27 its larger quadrupole moment and polarisability [19] . 28 Polymer-based materials, such as hyper cross-linked polymers (HCPs), porous aromatic 29 frameworks (PAFs), and covalent organic polymers (COPs) are new classes of CO2 30 adsorbents characterised by a high CO2 selectivity and capture capacity, high hydrothermal 31 stability and ease of surface modification [20] [21] [22] . Acrylamide-based molecularly imprinted 32 polymer (MIP) particles for CO2 capture with a separation factor of up to 340 at a CO2 partial 33 pressure of 15 kPa have been fabricated using bulk polymerisation [23] . MIPs contain 34 inherently functionalised nanocavities, which are complementary in shape to the target 35 molecule, and can act as active sites for capturing the target molecules (Fig. 1) . Unlike amine can readily be entrained in fluidising gas and are prone to plugging, channelling, and 48 agglomerating [26, 27] . Because of these limitations, fine particles are usually used in 49 palletised form, which can block their active sites and reduce CO2 capture capacity and 50 capture rate.
51
In suspension polymerisation, each individual monomer droplet represents a miniature batch 52 reactor leading to higher rates of heat transfer and shorter polymerisation times compared 53 with bulk polymerisation [28] . Since crushing and grinding steps are not involved, higher 54 particle yields can be achieved and synthesised particles are regular spheres due to the 55 spherical shape of the monomer droplets. However, traditional "top-down" emulsification 56 methods, e.g. mixing in a stirred tank, typically lead to highly polydispersed droplets whose 57 size cannot easily be controlled. Membrane emulsification is a "bottom-up" approach based 58 on injection of one liquid through a microporous membrane into another immiscible liquid 59 phase, leading to generation of uniform droplets [29] . Continuous membrane emulsification 60 systems enable large-scale production and can involve oscillatory (pulsed) flow of the 61 continuous phase [29, 30] or nonstationary membrane, such as rotating [31] The MIP particles were synthesised through the following five steps:
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Step 1. Monomer-template self-assembly. A crucial first step in the molecular imprinting 87 process is the self-assembly of functional monomer and template in a pre-polymerised 88 organic phase (Fig. 1a) , which enables creation of template-shaped cavities within the 89 polymer matrix. Since CO2 has a very low solubility in organic solvents under ambient 90 conditions, oxalic acid, a structural analogue of two CO2 molecules, was used as a dummy The composition of the organic phase was optimised in our preliminary investigation. Once the desired amount of oil phase passed through the membrane, the emulsion droplets 110 were transferred to the reactor and polymerised. The membrane was cleaned by immersing in 111 a 15 vol% NaOH for 10 min, followed by 10 min soaking in 7 vol% citric acid and 20 min 112 treatment with DI water in an ultrasonic bath at 30°C.
113
Step 3. Suspension polymerization. The O/W emulsion produced in Step 2 was poured into a 114 preheated 500-mL jacketed reactor equipped with a four-neck lid and a four-blade impeller 115 with a diameter of 50 mm (Fig. 2b) . The polymerisation took 3 h at an agitation rate of 75 116 rpm and 60°C. The temperature was controlled using a water recirculating heater/chiller 117 system. The emulsion was purged with N2 for 10 min prior to the reaction, after which 118 nitrogen blanketing was used to prevent the presence of oxygen within the reaction mixture.
119
Step 4. Surfactant removal. After polymerisation, the suspension was filtered using a 120 Buchner funnel apparatus with a filter paper (Gard 3, Whatman 6 µm), and the particles were was not completely removed, the particles were highly agglomerated. The particle 124 agglomeration was investigated by taking SEM images of the washed particles. After 125 complete removal of the surfactant, the particle agglomeration was negligible. Once the 126 washing procedure was optimised, SEM imaging was not necessary.
127
Step 5. Template removal. OA was extracted from the particles by washing the sample with a Particle size analysis. The droplet and particle size distribution were measured using a laser over a o range from 5 to 60% [36] . This behaviour can be attributed to the short injection 9 shows the TGA curve of the sample heated from 100 to 600C at a ramp rate of 10 C/min in an inert atmosphere of N2. There was no obvious weight loss up to 210°C and 5% mass loss occurred at 245°C, which is well above anticipated desorption temperature.
The average density of the particles measured with a helium pycnometer was 1.3 g/cm 3 .
Based on their size and density, the particles belong to group A of the Geldart classification 
where Q (mL/min) is the feed gas flow rate, m s (g) is the mass of the particles in the column, 259 and Ci (mmol/mL) is the molar concentration of CO2 in the feed stream:
where y i is the CO2 molar fraction in the feed stream which was 0.15 in this work, P (kPa) is 261 the total gas pressure in the reactor (102 kPa), T (K) is the operating temperature, R is the The q eq values determined from the breakthrough curves in Fig. 10 can be estimated from the slope of the breakthrough curves in the mass transfer zone [43] . In 
